Abstract -A novel phalonirsiiy implemented RF band-psis filter. using a Comb-inser and a fiber dispersive medium is prerenled. Positive and negative lips are ncbirvrd by driving two MachZehndrr modulators wilb opposing qundrnture biases.
In this paper we propose an optoelectronic method of obtaining a real band-pass transversal filter. The method uses a single broadband comb source to provide the filter taps and two intensity modulators driven at opposing quadrature points to provide the positive and negative coefficients. This paper is organized in the following manner. Section I I describes the principle of operation of the proposed band-pass filter. The experimental procedure and results, along with a comparison with simulations are presented in Section 111. In Section IV, methods of improving the system operation and of obtaining both tunability and reconfigurabilty are discussed. Finally, the conclusions are summarized in Section V.
THEORY OF OPERATION
A low pass filter with impulse response h(t) can be transformed to a band-pass filter by multiplying the impulse response with a sinusoid at frequency m,. This introduces negative taps in the band-pass filter impulse response. The frequency response of the band-pass filter will have a similar shape to the law-pass filter but a centre frequency of m,. Its impulse response will have the same I ' 10-12 September, 2003 enw/opope of the low-pass filter but with altemating positive and negative coefficients.
In this work we obtain a band-pass filter using this concept. Starting with a low-pass filter h(r). a band-pass filter impulse response can be obtained as
This impulse response has the same envelop as h(t), but has alternating positive and negative coeffrcients. The frequency response H,,(w)of this band pass filter is equivalent to the low-pass filter response H ( o ) shifted to frequency on = z I I * .
To realize this idea, we propose the struchxe shown in Fig. I . The optical carrier in this implementation is provided by a comblaser. Its spectrum consists of multiple equally spaced longitudinal modes. The optical signal is split into two arms. The upper path is modulated with the RF signal to be filtered and the lower arm is modulated with the same RF signal with a 180" phase-offset. A time delay is also introduced to the RF signal in the lower arm as illustrated in Fig. 1 The overall effect of the above operation is a low-pass transversal filtering. The impulse response h(t) being equal to the power spectrum of the comb-laser. When the lower arm is included in !he structure, it introduces the negative coefficient that transform the frequency response of the transversal filter from a lowpass to a band-pass. The 180" phase-offset provides the negative ofh(1) and the time shift provides the delay 10 to define the band-pass filter center frequency. The overall result in this case is a band-pass filter with impulse response h,(r)detined in Equation (I).
EXPERIMENTAL VERIFICATION
In order to verify the theory developed in Section 11, the experiment set up as depicted in Fig. 2 In order to achieve positive and negative taps, the upper arm and the lower arm are modulated with the same link gain and at 180' phase difference. This is attained as To obtain zero phase shift between the two arms, a carefully prepared length of optical single mode fiber is used to compensate for the path difference between them. Next, the link-gain in both arms is measured to verify that they are identical. Since identical MZMs were used the link gain were found to be almost equal.
Finally, the 180' phase difference is achieved by biasing the upper a m MZM at positive slope quadrature and adjusting the bias of the lower MZM to give negative slope quadrature. The true time delay mechanical phase-shifter (KDliTriangle PV-18) is adjusted to 6 1 . 9~s in order to obtain equally spaced alternating positive and negative taps, as shown in Figure 2 .
The two arms are combined together using another 5050 fibre coupler. The output of the 5050 fibre coupler is then lauched into a 24.3 km length of SM fiber.
The output of the SM fiber is a collection of alternating positive and negative delayed RF signals. The differential time delay between these taps is 6 1 . 9~~ which correspondes to half the comb-laser mode spacing.
The transfer function of the filter is measured using a Wiltron 37347A vector network analyzer. Fig. 3a ) presents the filter impulse response, which shows the alternating positive and negative taps equally spaced at 6 1 . 9~~. Fig. 3b) It is worth noting that the preliminaly results presented in Section I11 exhibits some variation from the simulations. The side lobes for the experimental result are higher than the simulations. The transfer function obtained on the network analyzer showed some time variation. This has been attributed to a low level of coherent interference between the upper and lower arms in the StmCNre. Methods of eliminating the effect of coherence ~n the structure are being investigated. Improved results will be presented at the conference.
It would be advantageous to make the demonstrated band-pass filter tunable and reconfigurable. Tuning of the filter pass-band could he achieved by using a tunable comhlaser. By varying the spacing between the longitudinal modes, hence the filter tap's spacing, the free spectral range (FSR) could be adjusted. To recanfigure the pass-band of the filter, a tunable optical filter can be employed to shape the comb-laser spectrum and thus obtain the required filter impulse response. The Acousto-optic tunable filter (AOTF) [7] is a suitable candidate for this purpose. Implementations of this sort are currently under investigation. It has been proposed that the overall bandpass filter transfer function could be tuned by using a tunable comb-laser. Reconfigurabilty of the filter transfer function could be achieved by using an AOTF after the comblaser.
